Li-rich zincostaurolite occurs as millimeter-long crystals at the marble footwall of a meta-karstbauxite on eastern Samos. The Samos rocks have been metamorphosed during an early Alpine high-P, low-T metamorphism (M1) followed by a late Alpine greenschist-grade overprint (M2). Textures and mineral chemistry indicate that staurolite formed from gahnite, cookeite, and pyrophyllite during the early M1 stage. Staurolite crystals show growth zoning with cores enriched in Zn. Concentrations of Fe, Mg, Co, and, to a minor extent, Li increase toward the rims.
introDuction
Staurolite is an important index mineral for determining the metamorphic grade of Al-rich rocks. It has a flexible structure and the crystal chemistry is complex (Holdaway et al. 1986a (Holdaway et al. , 1986b (Holdaway et al. , 1995 Dutrow et al. 1986; Dyar et al. 1991; Hawthorne et al. 1993a Hawthorne et al. , 1993b Hawthorne et al. , 1993c Koch-Müller 1997; Koch-Müller et al. 1997 Chopin et al. 2003) . This is due to variably occupied lattice sites resulting in various coupled vacancy-cation and other complex intracrystalline cation substitutions, which may induce local ordering. Further complexity arises from the fact that staurolite may incorporate highly variable amounts of hydrogen (e.g., Lonker 1983; Holdaway et al. 1986a) . A special feature is that staurolite in zinc-and lithium-rich bulk compositions may accommodate large amounts of Zn and Li into the structure (e.g., Feenstra et al. 2003; Chopin et al. 2003 , and references therein). Because both Zn and Li strongly partition into staurolite compared to other common Fe-Mg-Al silicates, this leads to considerable expansion of the staurolite stability field, both toward lower and higher metamorphic grades (e.g., Feenstra et al. 2003) .
The general formula of staurolite is A 4 B 4 C 16 D 4 T 8 O 40 X 8 (Hawthorne et al. 1993c ). The structure can be considered as alternating oxide-hydroxide and kyanite-like layers. Three distinct octahedra (M) are present in each of these layers: M1A, M1B, and M2 in the kyanite layer, and M3A, M3B, and M4 in the oxide-hydroxide layer. The tetrahedral site of the kyanite layer is termed T1 and that of the oxide-hydroxide layer T2 (Hawthorne et al. 1993a) . Preferential site occupations of the various cations and their relation to the general formula are given in Table 1 (Hawthorne et al. 1993c ; see also Chopin et al. 2003) . There is extensive work on the various coupled substitution mechanisms, both in natural and synthetic staurolites (cf. above). It has been shown, for example, that Zn-Fe substitution in staurolite is continuous (Griffen 1981) and that Li incorporation in T2 is restricted to a maximum of 1.5 apfu, calculated on the basis of 48 O (Dutrow 1991; Feenstra et al. 2003) . However, correct formulation of the crystal chemistry and proper assignment of the cation sites are hampered by the fact that hydrogen concentrations are often not measured, and this is particularly true for natural staurolites that may exhibit chemical zoning.
In the absence of direct determinations, hydrogen concentrations are often estimated by considering the Si content and the <T1-O> distances measured by XRD (Hawthorne et al. 1993a) or by estimation from the CATSuM index (Hawthorne 1993c ; see also Feenstra et al. 2003; Chopin et al. 2003) . However, it would appear that complete analysis of all cations including hydrogen is the better choice, particularly if one takes into account that hydrogen contents are an important monitor of the pressure-temperature conditions of staurolite formation. For the FeAlSiOH system, Holdaway et al. (1995) have shown that hydrogen contents continuously increase with decreasing temperature and increasing pressure across the whole stability field of staurolite coexisting with aluminum silicate, and that its structure can accommodate a maximum amount of 6 H pfu. So far, no natural or synthetic staurolite has been reported that actually approaches hydrogen contents that high, and measured or estimated values range from about 2 H pfu (e.g., Lonker 1983) to about 4.6 pfu . Hydrogen in the staurolite structure is incorporated at three different sites: H1, H2, and H3 (Koch-Müller et al. 1995) . The three possible sites are filled to variable extents. Detailed polarized infrared spectroscopy on Fe-rich staurolite from Pizzo Forno has shown that each of the three hydrogen types is bonded to the undersaturated O1 oxygen in the structure and that the corresponding OH dipoles are oriented along different directions. H1 occupation is associated with cation vacancies at M3, H2 with vacancies at T2, and H3, though of minor importance in Fe-rich staurolite, also with vacancies at T2 (Koch-Müller et al. 1995) . It is, however, conceivable that significant Li-incorporation on T2 would affect the amount and distribution of H atoms on H2 and H3, respectively. There are various exchange vectors including charge-reducing substitutions that produce cation vacancies at M3 and T2 and concomitant H incorporation into H1 to H3 (e.g., Holdaway 1986b; Hawthorne et al. 1993c; Koch-Müller et al. 1995; Chopin et al. 2003) . The important substitutions are [M3] 
[T2]
where Equation 3 applies to Li-rich staurolite. The site for the H atoms associated with Li incorporation is as yet unclear.
In this paper, we report the chemical composition of a natural metamorphic Li-and Zn-rich staurolite single crystal formed at low-temperature-high-pressure conditions. We present chemical zoning by detailed electron microprobe (EMP) work and secondary ion mass spectrometry (SIMS) by which lithium and hydrogen concentrations were quantified. Hydrogen contents, variable H distributions, and H substitution mechanisms are further investigated by synchroton-based Fourier transform infrared (FTIR) spectroscopy on oriented microfoils cut by focused ion beam (FIB) techniques, and results obtained from SIMS and FTIR methods are compared. We show that most of the H is incorporated at H1 along with vacancies at the M3 sites and that a remarkably high amount is present at H3, correlated with Li at T2. We highlight that extremely high H concentrations of up to 5.97 apfu and a very strong H zonation in the staurolite crystal are present, which is interpreted as reflecting changing P-T conditions during staurolite growth in low-temperature, high-pressure rocks.
stAurolite stuDieD
The investigated H-Li-rich zincostaurolite occurs at the marble footwall of a diaspore-bearing polymetamorphic metakarstbauxite on the island of Samos, Greece. The petrogenesis of the staurolite-bearing rocks was reported in detail by Feenstra et al. (2003) . In short, staurolite formed from gahnite, cookeite, pyrophyllite, diaspore, and minor Fe-oxide during early Alpine high-P metamorphism (M1-event) at peak conditions of about 450 °C and >1.5 GPa. During late Alpine isothermal decompression staurolite partially equilibrated toward greenschist grade conditions (M2-event) and was partly replaced by gahnite, white na-Ca-Li mica and minor amounts of ni-chlorite, zincohög-bomite, diaspore, and Fe-Mn-(hydro)oxides. Here, we focus on the chemical zoning displayed by the staurolite crystals, aiming to link this zoning to the pressure-temperature evolution of the Samos rock. We selected rock sample Sa9a, which was previously described by Feenstra et al. (2003) . Several staurolite grains were investigated. Here, we report on grain number Sa9aE because it shows only minor indication of secondary replacement. Additional information is provided by grain number Sa9aX from the same hand specimen, on which FTIR measurements have been performed.
AnAlyticAl MethoDs
The separation procedure for staurolite from sample Sa9a was described elsewhere (Feenstra et al. 2003) . For EMP and SIMS analysis, the grain was embedded in holes drilled into 1-inch diameter glass sample holders using the minimum possible amount of the epoxy resin.
EMP
The zoning in chemical composition of the staurolite crystal Sa9aE was determined by wavelength-dispersive analysis (WDS) techniques using a CAMECA SX100 instrument at GFZ Potsdam. Sixty-one spots were measured across the 261 µm wide profile V-W, and 36 spots across R-S (275 µm; Fig. 1 ). Solid inclusions were carefully avoided. Operating conditions were 15 kV accelerating potential, 10-20 nA beam current, and a beam diameter of 1 to 2 µm. Typical peak counting times were 20-30 s for major and 20-60 s for minor elements; backgrounds were counted for 10-30 s. Standards included the following synthetic and natural minerals and metals: wollastonite (Si); rutile (Ti); corundum (Al); hematite (Fe); eskolaite (Cr); periclase (Mg); rhodonite (Mn); sphalerite (Zn); niO (ni); and metallic V and Co. The raw intensity data were corrected with the PAP program (Pouchou and Pichoir 1985) . The quality and reproducibility of the analyses was continuously monitored by including well-characterized standards (staurolites, kyanite, feldspars) during the sessions. A selection of individual spot analyses is given in Table 2 .
The staurolite grain Sa9aE was scanned by X-ray mapping using the same instrument. Element mapping was carried out in WDS mode moving the stage in steps of 1 µm using a beam current of 40 nA and counting times of 400 ms per step. Figure 1 shows variations in Zn, Fe, ni, and Co X-ray intensities across the entire grain.
SIMS
The Li and H concentrations were determined by secondary ion mass spectrometry (SIMS) with a CAMECA ims 6f instrument at GFZ Potsdam. A 3 nA mass-filtered primary 16 O -beam was accelerated to 12.5 kV and focused to form a ~15 µm diameter beam at the sample surface. The secondary accelerating potential was 10 kV and the energy slit was set to a width corresponding to 50 V. The mass resolution (M/∆M) was 2500. Energy filtering was applied to suppress molecular interferences (-75 V offset) Si. A 10 min pre-sputtering was applied to reduce surface contamination. Furthermore, improvements to the vacuum system and a sample holder that maintained the sample at liquid nitrogen temperatures were used. This suppresses any possible hydrogen vacuum contamination, which would adversely affect the detection limit for intra-crystalline H in specific, and which degrades overall data quality in general (Wiedenbeck et al. 2004 (Fig. 2 ). These were used to determine the H 2 O and Li 2 O concentrations of Sa9aE from Samos.
SIMS-profiles along V-W and R-S were measured at a distance of a few micrometers parallel to the EMP profiles, using identical steps between the individual spots. Because SiO 2 concentrations in staurolite show almost no variations (Table  2 ; see also Holdaway et al. 1986 Si + were used to determine the concentrations.
IR spectroscopy
The high absorption in the OH-stretching region requires very thin (<10 µm) samples for IR measurements. Oriented staurolite foils were prepared in different ways. (1) 3 to 5 µm thick and 10 × 20 µm wide foils of Sa9aE were cut closely adjacent to the EMP and SIMS traverses using FIB techniques (Wirth 2004) , by applying a Ga-ion beam at 30 kV and 2.7 nA. The beam current of 2.7 nA was about four times higher than that used for routinely prepared thin foils of 120 nm thickness. Foils of Sa9aE were taken close to core and rim (a and b in Fig. 1 ) and included foils of different orientations, namely films containing the crystal- lographic a and c axes, i.e., (010) films, and one film that contained the b and c axes, i.e., a (100) film. The exact orientation of the films was determined by TEM on additional foils that had a thickness of 120 nm and were 10 × 20 µm wide. (2) Staurolite grain number Sa9aX from the same hand specimen and having similar dimensions was optically oriented to the same directions as above, embedded in special IR transparent wax (Apiezon), and thinned by conventional polishing down to about 10 µm. We were not able to prepare intact whole grain slices with such method, but obtained several small oriented fragments of core and rim that Polarized FTIR spectra of thin films and polished samples were obtained at the synchroton IR-beamline at BESSy II (Berlin, Germany) using a nicolet 870 FTIR spectrometer with KBr beamsplitter equipped with a Continuum microscope and MCT detector. Spectra were always collected from inclusion-free regions. Apertures ranged from 8 × 5 µm to about 10 × 15 µm for the foils, and 14 × 14 µm for the polished sample fragments. Spectra were averaged over 256 scans with a resolution of 4 cm -1 . For quantification of hydrogen we applied the IR calibration for water in Fe-rich staurolite (e i,tot = 83 000 L/mol H2O /cm 2 ; Koch-Müller and Langer 1998). Because absorption coefficients are strongly dependent on the wavenumber of the corresponding OH bands and as OH band positions in Zn-staurolite are different to those in Fe-rich staurolites we also calculated specific absorption coefficients for our Zn-and Li-rich staurolite applying the general calibration formula of Libowitzky and Rossman (1997). For the band at 3542 cm -1 we get a value of 52 000 L/ mol H2O /cm 2 and for that at 3456 cm -1 (plus the shoulder at the low energy side of this band) a value of 80 000 L/mol H2O /cm 2 . These specific coefficients were used for hydrogen quantification at the different sites.
results

Staurolite chemistry
Representative analyses along profiles V-W and S-R are given in Table 2 . Staurolite formulae were calculated on the basis of 48 O atoms and concentrations of all elements in terms of atoms per formula unit (apfu) vs. distance are shown in Figure 3 . showed by Mössbauer spectroscopy that in oxidized rocks about 7% of the total iron in staurolite is ferric. Staurolite Sa9aE is poor in total iron and accounting for ferric iron would have only a minor effect on the calculated structural formulae. Thus, all of the iron is calculated as Fe
2+
. In Table 2 , Zn, ni, Co, Li) is calculated as X i = ΣR 2+ + Li. Sa9aE is a Li-rich zincostaurolite and compositionally zoned (Fig. 3) . Zinc is the dominant divalent cation. ZnO concentrations amount to 12.54 wt% in the core and 9.60 wt% in the rim, corresponding to X Zn of 0.65 and 0.49, respectively. FeO concentrations range from 0.77 wt% (core) to 2.33 wt% (rim), corresponding to X Fe of 0.05 and 0.14. FeO contents are clearly negatively correlated with ZnO contents. With regard to Zn and Fe, cores show a large flat plateau, which is symmetrical across S-R, slightly asymmetrical across V-W, and a ~50 µm wide rim on either side. Lithium concentrations are high, but the zoning is much less pronounced in that concentrations in the core are somewhat lower (S-R: Li 2 O = 0.89 wt%, X Li = 0.25; V-W: Li 2 O = 0.98 wt%, X Li = 0.28) than in the rims (S-R: Li 2 O = 1.01 wt%, X Li = 0.28; V-W: Li 2 O = 1.23 wt%, X Li = 0.33). The staurolite is very poor in Mg (0.12 to 0.31 wt% MgO; X Mg = 0.01 to 0.03) and Mn (0.06 to 0.27 wt% MnO; X Mn = 0.01 to 0.02), and there is no detectable zoning with respect to Mg and Mn. nickel, Co, Cr, and Ti display maximum values at the inner side of the rim and decrease toward the outer part of the rim (Figs. 1 and 3) . Maximum concentrations amount to 0.45 wt% of niO, 0.44 wt% of CoO, 0.27 wt% of Cr 2 O 3 , and 0.04 wt% of TiO 2 . Concentrations of V and F are below the EMP detection limit.
Staurolite Sa9aE is rich in Si (7.86 to 8.06 apfu; average 7.96 apfu, n = 99 spots) despite the fact that it occurs in a Siundersaturated, Al-saturated diaspore-bearing rock. There is virtually no Si-zoning. Incorporation of Al on the T1 site is therefore very low, with 0.04 apfu on average. The most striking feature is the very high hydrogen concentration, the pronounced H zonation, and the inverse coupling of H and Al contents (Fig.  3) . Profile V-W shows a maximum H concentration of 5.97 apfu in the core that continuously decreases to 4.4 apfu at a distance of about 80 µm on either side of the maximum. Toward the rims, H concentration slightly increases again to about 4.6 apfu, finally dropping to 3.8 apfu at the right-hand side of the profile. Profile S-R displays a broad plateau in the core with hydrogen concentrations of about 5.2 ± 0.2 apfu, and decreasing contents to the rims (4.6 apfu, left-hand side; 4.8 apfu, right-hand side). Values of 5.97 and 5.2 apfu correspond to concentrations of 3.25 and 2.86 wt% H 2 O, respectively, and these are by far the highest hydrogen contents in staurolite reported as yet. Hydrogen concentrations and zoning are negatively correlated with Al contents, as clearly displayed in both profiles. Minimum concentrations of Al attain 17.13 apfu in the core and maximum concentrations reach 17.65 apfu in the rim. Figure 4 shows H vs. Al concentrations of all 99 analyses spots. The slope of the regression curve is -3.51 (r 2 = 0.74), suggesting that 3H
Al 3+ is the main, though not the only coupled exchange mechanism for H incorporation. Hydrogen incorporation only at the H1 site is coupled with vacancies at M3. Another substitution mechanism would require occupation of the H2 and/or H3 sites, which can be assessed by IR spectroscopy.
Hydrogen concentrations measured by FTIR
Polarized IR spectra of the FIB-prepared foils from Sa9aE were measured with E//a and E//c and are presented in Figures 5a (core) and 5b (rim). Similarly, Figure 5c shows polarized spectra of polished fragments of core and rim from Sa9aX. All films show identical IR patterns. Each spectrum consists of two OH vibration bands: one with the main absorption with E//a at 3456 cm -1 plus a shoulder at the low energy side and one at 3542 cm -1 with an isotropic absorption behavior. One spectrum was measured with E//b (not shown in Fig. 5) ; here all bands have zero intensity. The observed bands are assigned using the classification of Koch-Müller et al. (1995 , 1997 : the band at 3456 cm -1 is assigned to the vibration of the O1-H1 dipole, the one at 3543 cm -1 to the O1-H3 dipole; there are no bands in the region at 3677 cm -1 , indicating that in our Li-Zn-rich staurolite vibrations of the O1-H2 dipole are absent (Koch-Müller et al. 1995 , 1997 . This is in line with spectra of synthetic zincostaurolite where configurations involving H2 vibrations are also missing .
Figures 5a-5c clearly show that for both grains the band intensities are higher in the cores than in the rims, thus reflecting their higher H concentrations. using the absorption coefficient of Koch-Müller and Langer (1998) for Fe-staurolite, the fragments of grain Sa9aX yield 2.3 wt% H 2 O for the rim, and 2.8 wt% H 2 O for the core. If the specific absorption coefficients calculated by the Libowitzky and Rossman (1997) method are used, somewhat higher concentrations result, namely 2.6 wt% H 2 O for the rim, and 3.2 wt% H 2 O for the core. Specific absorption coefficients of Libowitzky and Rossman (1997) allow for quantification of the H concentrations in H1 and H3 separately. using these, 76% of the H sits at H1, and 24% at H3, in the core as well as in the rim. When we apply the absorption coefficients as above to the spectra from the foils of grain Sa9aE prepared by FIB techniques (Figs. 5a and 5b) , similar H gradients result, but absolute values are lower by about 25% relative compared to those obtained by SIMS on the same sample. This discrepancy was resolved by analyzing spectra of FIB-prepared foils from the Pizzo Forno Fe-staurolite standard. Applying the calibration of Koch-Müller and Langer (1998) for Fe-staurolite, spectra taken both at E//a and E//c also yield considerably less H 2 O than the true value. Figure 5d shows the absorbance values of the Pizzo Forno staurolite standard vs. thickness (1) of the conventionally polished samples (closed symbols), and (2) of the FIB-prepared foils (open symbols). The thickness of the latter was measured using the FIB-integrated FEI software. The straight lines indicate the linear relationship between the absorbance values of the standard and the thickness, and thus represent the true absorbance values for <11 µm thick samples (for details see . The FIB-prepared foils do not plot onto this line. This is interpreted as resulting from hydrogen loss during FIB-thinning. Irrespective of the actual thickness, subtraction of about 2 µm (1 µm on each side) is required to obtain the effective thickness of the foil, i.e., the correct absorbance (arrows in Fig. 5d ). This correction is applied to our spectra from Sa9aE. using the absorption coefficient of Koch-Müller et al. (1997) , we obtain 2.73 wt% H 2 O for the core, and 1.96 wt% H 2 O for the rim. using the specific absorption coefficients of water (see above) again yields somewhat higher concentrations of 3.14 wt H 2 O for the core and 2.28 wt H 2 O for the rim. Again, 70 to 75% of the H is incorporated at H1, the remaining at H3.
Hydrogen concentrations obtained by SIMS were 3.25 wt% H 2 O for the core and 2.07 to 2.49 wt% H 2 O for the rim. Thus, H concentrations obtained by both methods agree fairly well, particularly with respect to the H concentration gradient. It would also appear that the specific absorption coefficients for Li-Zn-rich staurolite calculated after Libowitzky and Rossman (1997) provide the more accurate values for H concentrations. This holds also for concentrations of grain Sa9aX, for which no SIMS data are available.
Discussion
Hydrogen incorporation mechanisms
The infrared spectra (Figs. 5a and 5b ) and the slope of the inverse correlation of aluminum vs. hydrogen of -3.51 (Fig. 4) imply that hydrogen is not incorporated only via the exchange vector shown in Equation 1:
that puts H at the H1 site. An additional mechanism must exist. The IR spectra clearly revealed that the H2 site is unoccupied; instead significant amounts of H are located on H3. The intensity of the corresponding OH band is the highest observed ever in staurolite so far. Koch-Müller et al. (1995) concluded that in Ferich staurolite from Pizzo Forno, H at H3 is bonded to O1 and forms a bifurcated hydrogen bridge to two adjacent O5 atoms in a vacant T2 site. Staurolite Sa9aE, however, is characterized by a very small amount of vacancies and a very high amount of Li + at T2 (Tables 1 and 2 ). Therefore, it is reasonable to assign the H3 band in our Li-rich staurolite in the same way, i.e., H is bonded to O1 and forms a bifurcated hydrogen bridge to two O5 atoms in a T2 tetrahedron, which is not vacant but occupied by Li + . Based on the crystal structure data for staurolite of Comodi et al. (2002) , the estimated atomic coordinates for hydrogen at H3 are 0.35 (x) 0.00 (y) 0.59 (z). With this assignment the hydrogen incorporation at H3 is coupled with Li + according to the exchange vector given in Equation 3 previously:
The simultaneous occupation of T2 by Li + and H is possible because the distance between H and Li is large enough (1.96 Å).
That the substitution mechanism (3) is effective for H incorporation at H3 gains further plausibility when IR and SIMS results are compared. About 25% of the total H is located at H3. Recalculating the H contents from 94 analysis spots to 25% of their absolute values (excluding the three spots with the highest H contents), concentrations between 0.93 to 1.30 H atoms pfu result. The corresponding Li concentrations are between 0.98 and 1.31 (see also Dutrow (1991) has experimentally shown that this mechanism may occur to a relatively large extent. However, because IR spectra only allow for a rough estimation of the H distribution between the H1 and H3 sites, it is not clear whether the latter coupled substitution in our Li-Zn-rich staurolite is effective.
Hydrogen concentrations as a petrogenetic indicator
The shape of the H zonation profiles (Fig. 3) and the fact that H incorporation on H1 is inversely coupled with Al concentrations rules out diffusive H loss as possible mechanism for lower H concentrations in the staurolite rims. We therefore consider the observed profiles as resulting from growth zonation.
The petrogenetic study of Feenstra et al. (2003) has shown that the staurolite-bearing metabauxite from Samos is a highpressure, low-temperature rock. It was equilibrated during Early Tertiary peak metamorphism at 400 to 450 °C, P > 1.5 GPa, and subsequently overprinted during Tertiary decompression at greenschist facies conditions at 0.2 to 0.4 GPa at similar temperatures. In a very detailed analysis of the thermodynamic properties of stoichiometric staurolite in the Fe-Al-Si-O-H system, Holdaway et al. (1995) demonstrated that the composition of staurolite coexisting with aluminum silicate in P-T space can be contoured for H content. Hydrogen concentrations increase with pressure and decrease with temperature. Figure 6 . Extrapolating the hydrogen isopleths calculated for the FASH system to conditions of the Samos rock, i.e., to 400 to 450 °C, 1.5 GPa, and 0.2 to 0.4 GPa Figure 6 . P-T plot indicating M1 and M2 stage metamorphic conditions of the Samos rocks, along with H contents (pfu) of core and rim from staurolite Sa9aE. Also given are isopleths of H contents of Fe-staurolite coexisting with kyanite or sillimanite and water (data from Holdaway et al. 1995) . at the same temperature range, respectively, perfectly matches with the hydrogen concentrations of core (5.5 to 5.9 pfu) and rim (3.9 to 4.5 pfu) of our Samos staurolite (Fig. 6) . One may argue that this is fortuitous because Sa9aE is an Fe-poor, Li-rich zincostaurolite where different H incorporation mechanisms are effective, and because the Samos assemblage is a diasporebearing, quartz-undersaturated rock while the calculations of Holdaway et al. (1995) hold for quartz + Al 2 SiO 5 -bearing assemblages. The true reason for this coincidence remains unclear as long as no thermodynamic data for Li-and Zn-bearing phases are available. nevertheless, from the close similarities of the two systems it is reasonable to assume that the extremely high H contents of the cores reflect early growth of staurolite during high-P, low-T conditions. Accordingly, and because diffusive H loss is excluded, the lower H content of the rims is interpreted as subsequent growth during later decompression. If one follows this interpretation, Sa9aE highlights the large effect that changing P-T conditions may exert on H incorporation into staurolite, and that very high H contents in staurolite cores may be preserved during the rock uplift history, at least as long as lower greenschist facies conditions are not exceeded. Incorporation of hydrogen into staurolite increases with increasing pressure and decreasing temperature. Staurolite can be stable up to pressures of 4 to 8 GPa and may therefore play an important role in the H 2 O, Li, and Zn cycling of subduction zones.
